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DISCLAIMERS

The findings in this report are not to be construed as an official Depart-
ment of the Army position unless so designated by other authorized
documents.

When Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Govern-
ment procurement operation, the U.S. Government thereby incurs no
responsibility nor any obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way supplied the said
drawings, specifications, or other rlata is not to be regarded by impli-
cation or otherwise as in any manner licensing the holder or any other
person or corporation, or conveying any rights or permission, to manu-
facture, use, or sell any patented invention that may in any way be
related thereto,

Trade names cited in this report do not conatitute an official endorse-
ment or approval of the use of such commerical hardware or software,

DISPOSITION INSTRUCTIONS

Destroy this report when no longer needed. Do not return it to the
originator,
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U.S. ARMY AIR MOBILITY RESEARCH & DEVELOPMENT LABORATORY
EUSTI® DIRECTORATE
FORT EUSTIS, VIRGINIA 23804

This program was conducted under Contiact DAAJO2-70-C-0012 with Kaman
Aercapace Corporation,

This report contains the theoretical derivation and the presentation of
a methodology for system identification of structures. Computer experiments
were run to verify this methodology.

The report has been reviewed by this Directorate and is considered to be
technically sound. It is published for the exchange of information and
the stimulation of future research.

This program was conducted under the technical management of Mr. Arthur
J. Gustafson, Technology Applications Division,
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FOREWORD

The work presented in this repcrt was performed by Kaman
Aerospace Corporation under Contract DAAJ02-70-C-0012

(Task 1F162204AA4301) for the Eustis Directorate, U. S. Army
Air Mobility Research and Development Laboratory, Fort
Eustis, Virginia. The program was implemented under the
technical direction of Mr. Joseph H. McGarvey of the
Reliability and Maintainability Division®and Mr. Arthur J.
Gustafson of the Structures Division*®*The report is pre-
sented in four volumes, each describing a separate phase of
the basic theory of structural dynamic testing using impedance
techniques.

Volume I presents the results of an analytical and numerical
investigation of the practicality of system identification
using fewer measurement pcints than there are degrees of
freedom. The parameters in Lagrange's equaticns of motion,
mass, stiffness, and damping for a mathematical model having
fewer degrees of freedom than the linear elastic structure it
represents may be determined directly from measured mobility
data. Volume II describes the method of system identification
wherein the necessary impedance data are experimentally deter-
mined by applying a force excitation at a single point on

the structure. Volume III presents a method of determining
the free-body dynamic responses from data obtained on a con-
strained structure. Volume IV describes a metaod of

obtaining the equations for the combination of measured
mobility matrices of a helicopter and its subsystoems. The
response of the combination of a helicopter and its sub-
systems is determined from data based on the experimental
results of the main system and subsystems separately.

**Division name changed to Military Operations Technology Division.

*%*Division name changed to Technology Applications Division.
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INTRODUCTION

' The success of a helicopter structural design is highly
dependent on the ability to predict and control the dynamic
response of the fuselage and appended components. An effec-
tive dynamic analysis of complex systems should yield the
response of the primary system and its associated subsystems.
It is extremely desirable to analytically predict the com-
plete response of a linear elastic structure due to the
addition or alteration of particular components.

This report describes a method whereby the dynamic response
of the entire system can be determined from knowledge

of the response of the main system and the subsystem sep-
arately. The formulation is predicated on the theory of
structural dynamic testing using impedance techniques. The
analysis requires measured mobility matrices for the basic
structure alone and free mobility matrices for the attached
component. Therefore, once the mobility matrices for the
basic system are measured, they ~an be continually used in
conjunction with the measured free mobilities for the various
components connected to the main structure.

It is anticipated, in practice, that the mobility matrix for
the basic system would be obtained by the method of Volume II
of this report and that the free mobilities for the components
would be obtained by the method of Volume III.

Specifically, in the present report the primary system was

a 20-degree-of-freedom representation of an actual helicopter,
and three types of subsystems were considered. The sub-
systems studied included a spring-mass system connected at

a single point, a rigid inertial mass elastically attached

at two points, and a beam elastically connected at three or
more points. The method employed simulated test data to
represent the required experimental mobility data,and measure-
ment errors were introduced to test the sensitivity of the
theory to error.




THEORY

Consider a finite degree of freedom simulation of an actual
helicopter. The impedance matrix for the system can be
expressed in terms of mobilities
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The impedance of a subsystem to be attached to the primary
system can also be expressed in terms of mobilities
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The mobility of the combined system is defined as the inverse
of the impedance

|
-0 Iy ] (3)
\ [ZBAIE [Zpg) [ 1B J

The product of the impedance matrix and the mobility matrix
is the unit matrix

(210v) = (17t + (7507 11 = @)
Multiplying both sides of Equation (4) by [Q] and solving for
[Y] yields

tv) = (1 + w1717 Ty (5)

Substituting the actual matrices into the matrix Equation (5),
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Perfcrming the indicated operations within the matrix inverse
results in
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To facilitate solution of the matrix Equation (7), the in-

verse of the matrix on the right side of the equation
must be evaluated. Let

oPLRIC P IR ek - _ |mio
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Therefore
(xy,] = [11, [¥50%170 + (x50 (1] + Yggl¥p)™h) = 0
Xy = 0, [X,1([T] + [ ily) ™) = 1] (9)

Solving for the elements of the X matrix vields
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Substituting the X matrix as expressed in Equation (10) into
Equation (7) and expanding gives

e

1
Equation (11) can be simplified to

iy

alfed . [lli] [dlid (G |

ol | 0 E 0 | [-YB]E[-YB """"""""

(12)

Equation (12) yields the response of the complete system

for force excitation at each position on the main system
including the interface points. Since the force excitation
on a helicopter i. usually applied at one particular point,
Equation (12) can be reduced, yielding the complete struc-
*ural response for forcing at a single point on the structure.
Thus, Equation (12) reduces to a column of mobilities for
force excitation applied at position j of the structure

;z_us _ )i [%ad (D{B]{YBB])-I .
BA 0 YB] 5
j j
(13)
where represents the dynamic response of each position
prlmary system excluding the interface points and
descrlbes the response of the attachment points.

It is possible to obtain the dynamic response for the complete
system utilizing the modal matrix of the points of interest on
the primary structure exclusive of attachment points, the
modal matrix of the interface points and the complex modal
mobility of the primary system and the free mobility of the
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appena=1 subsystem. These parameters can be obtained
employing the techniques described in References 1 and 2.
Following the methcd of Reference 2, the mobility of the
main system exclusive of the subsystem connectiorn points
is given by

(Yug) = [0, (0" (14)

where the number of rows of the matrix[¢;]corresponds to

the number of points of interest on the nain system, ex-
clusive of the subsystem attachment points, and the number
of columns corresponds to the number of moies and is equal

to the total number of points of interest on t[

e primary
system including the interface points. Matrix ;BIhas the

same number of columns as the number of connectioh points
between the two systems and the identical number of columns
as matrix|{; |- The mobility of the subsystem attachment
point is A

(¥g,] = [og] ¥4 [0]7 (15)

If Equations (14) and (15) are substituted in Equation (13),
the result is

(0,1 1Y% (0517
-5‘3 , ; ------------- EYBI
- 1y,

+ [05] tY*J [0, 1

L
< >

BAz
3 (16)

ERROR ANALYSIS

Measurements of the complex mobilities will be subject to
experimental errors of various types, including errors in
equipment calibration, errors resulting from equipment
incompatibility, errors due to extraneous signals and errors
due to random noise.

Generally, all errc.s can be classified as either random

or bias. The random errors are equally likely to be
positive or negative, whereas the bias errors are
systematic and in one direction only. In the present study,



both types of measurement error have been included. The
simulated experimental data were polluted with measurement
errors of +5 percent random and 5 percent bias or both the
real and imaginary components of displacement mobility.

As indicated in Reference 3, therc is no definitive prob-
ability distribution for errors of each type in impedance
testing practice. 1In the present analysis, a random number
generator was utilized with a resultant uniform distribution
ol random error. The rectangular distribution of accidental
type error between the selected limits is very conservative
compared to the usual definition of the limits at “hree
standard deviations from the mean of a normal distiikbution.
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COMPUTER SIMULATION RESULTS

A computer study to determine the response of the combination
of a helicopter and its subsystems based on the simulated
test results of the individual system and subsystems can be
extremely useful in the development cycle of a helicopter.

In the present analysis, a mathematical model was astablished
to provide for a wide range of cross-coupling efrects to
simulate diverse subsystems. The helicopter, or main system,
was represented by a 20~degree-of-freedom mathematical model.
Table I presents a lumped mass description of the afore-
mentioned specimen which was used to generate the simulated
experimental data. Three types of subsystems were incor-
pcrated in the study, represented as a spring-mass system
elastically connected at one point, a rigid inertial mass
elastically connected at two points and a beam elastically
connected at three or more points. Figure 1 shows the afore-
mentioned subsystems.

Figures 2 and 3 present the real and imaginary displacement
mobility frequency response for the main system-subsystem
interface point for a spring-mass subsystem. The force
excitation was applied at Station 6, the hub station, and
the response was measured at Station 3, the general area of
the vilot seat, and coincident with the subsystem attachment
point. Data are presented for conditions of zero experimental
errcr and for simulated experimental displacement mobility
data recorded with a random error of +5 percent and a bias
error of +5 percent. For the cases involving error, the
random displacement mobility error was computed using a
uniformly distributed probability density function. This
error was applied to both the real and imaginary components
c¢f the main and subsystem displacement mobility data. As
can be observed from Figures 2 and 3, the method is extremely
insensitive to the measurement error as applied herein.
Figures 4 and 5 show the same type data as given in the
previous figures except that the subsystem investigated was
a rigid inertial mass elastically attached to the main
structure at two points. Th2 interface points in this
situation are located at Stations 1 and 2 of the main system.
Again, the frequency response of the displacement mobility,
both real and imaginary, is effectively invariant with

error for the error level incorporated. Figures 6 and 7
present the same type results for the beam subsystem elas-
tically connected at three points. The attachment points

in this instance are at Stations 1, 2, and 3 of the main
system. The data substantiate the previous observations

of the relative insensitivity of the method to error.
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DISPLACEMENT MOBILITY, IMAGINARY (IN./LB-FORCE)
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The effect of a spring-mass subsystem on the response of the
20-degree-of-freedom mathematical representation of the heli-
copter is shown in Figure 8. A sinusoidal force excitation
was applied at the hub station, and the real displacement
mobility is given for the basic system alone and for the

main system with subsystem attached at Station 3, the pilot
seat location. The forcing frequency was 9.2 Hertz, which is
the calculated natural frequency of the spring-mass subsystem
alone. As would be expected, the response of the total
system is characterized by a nodal point at the interface
station. The effect of error is also indicated on the fiqure.
The dispersion of the results using the various random

error seeds is within an acceptable level. Fiqgure 9

presents similar data as Figure 8 except that the forcing
frequency is 20 Hertz. The disturbing frequency is

separated enough from the subsystem resonant frequency that
there is essentially no difference in the system response
with or without subsystem attached. Figures 10 and 11
illustrate the influence of the rigid inertial mass subsystem
on the response of the combination of the basic helicopter
representation and the appended subsystem. The forcing fre-
qguencies used represent the approximate natural frequencies
of the subsystem alone. The effect of error can be observed
from the figures, and the insensitivity of the analysis to
measurement error is again visible. The response of the
configuration, consisting of the main system and a beam elas-
tically connected at three points on the main structure, is
represented in Figure 12 for an excitation frequency of 10
Hertz and in Figure 13 for a forcing frequency of 30 Hertz.
The figures also yield the effect of measurement error on

the system displacement mobility response.

The results shown represent a small number of the computer
simulation experiments actually conducted. For each of the
subsystem configurations considered, the location of the
attachment points along the main system could be varied cs
long as compatibility between the systems was maintained.
The flexibility of the metiod presented in this report in
determining the response of the combination of a helicopter
and its subsystems based on test results of the individual
system and subsystems provides a means of modifying subsystem
characteristics, interface locations and connection effects.
A wide range of cross-coupling effects to simulate diverse
subsystems can be analyzed based on the measured mobilities
of the individual subsystems, since the mobility data of the
main system, once measured, remain constant.

A digital computer program listing in FCRTRAN IV lanquage

and a description of the program input cards are given in
the appendix.
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CONCLUSIONS

The response of the combination of a helicopter and
its subsystems can be determined based on the test
results of the individual system and subsystems.

The method is insensitive to measurement error using
sim.lated test data subjected to errors that are
within the state of the measurement art.

The method can be used to study a wide range of cross-
coupling effects to simulate diverse subsystems.

At a specific excitation frequency, once the mobility
data for the main system are measured, they remain
constant; thus, only the measured mobilities of the
individual subsystems need be considered.

The method provides an expedient means of modifying
the subsystems appended to a helicopter at a develop-
ment stage of the system.

The method is amenable to experimental implementation
and is numerically sound.
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APPENDIX
COMPUTER PROGRAM DESCRIPTION

A digital program was prepared for determining the response
of the combination of a helicopter and its subsystems based
on the test results of the individual system and subsystems.
The program was written for the IBM 360/40 disk operating
system using FORTRAN IV language. A flow chart depicting
the program logic is shown in Figure 14. A description of
the input cards and a program source listing are presented
in this appendix.
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ENCITATION BTA

ERRORE WALUES

TAPE 11
HEADTRG ,
WO, FRED
o, STA

WITH ERBOR

SURROUTINE
ERFMU

POLLAUTE
MOBILITIES
WITH EHRAOR

Figure 14.

Computer Program Flov. Chart.
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PRI Lo

PRINT FREE
MOBILITY

MATRICES OF

INTERFACE

STATIONS
WITH ERROR

l

SUBROUTINE
MATASL
MATRIX SUBTRACTINN

B

FORN COLUMN
VECTOR OF
MOBILITY OF
MAIN SYSTEM
EXCITATION
AT ONE
POINT

SUBROUTINE
CHMPY
MULTIPLICATION

-

PORM COLUMN
VECTUR OF
MOBILITY OF
INTERPACE
POINTS EXCITATION
AT ONE POINT

SUBROUTINE
CUPY
MULTIPLICATION
or

(v,ov,.)"(?n)j-v

PORM MATRIX
OF MAIN SYSTEM
MOBILITY WITH
EXCITATION AT

INTERFACE

POINTS

SUBROUTINE
CINV
INVERSION OF
COMPLEX MATRIX

(Yy + Ygu)

FORM MATRIX
MOBILITY OF
INTERFACE
POINTS WITH
CXCITATION AT
INTERFACE
POINTS

SUBROUTINE
MATAS

ADD
MATRICES
(Y + Ypp)

Figure 14 - Concluded.
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DESCRIPTION OF INPUT CARDS

P e el

Note: All integer variables must be right justified with
no decimal point.

-

Tape, Card Reader and Printer Assignments
1 Card Reader
3 P.inter

11 Contains free displacement mobility matrices for
subsystem connection points.

12 Contains displacement mobility matrices for primary
system.

All input data must be in the following units:
Mass - lb-secz/in.
Stiffness - lb/in.

Frequencies - Hz

28




Card.s) 1

PROGFAM COMSYSA
COMPONENT SYNTHESIS

1-10 M
MS

NC@L

1-10 PCTR

11-20 PCTBR

21-30 PCTI

31-40 PCTBI

41-50 12
1-10 KEEP
29

Numbexr of interface points
(Number of attachment points
between subsystem and primary
system (FORMAT I10).
Interface points, station
numbers. 10 columns per
value (Maximum 10 values).
(FORMAT 8110).

Primary system station
number at which forcing
function is applied (FORMAT
I110).

Random error applied to real
mobility. Uniform between

- and + PCTR* ELEMENT
displacement.

Bias error applied to real
mobility. PCTBR* ELEMENT
displacement.

Same as PCTR except applied
to imaginary displacement
mobility.

Same ‘as PCTBR except applied
to imaginary displacement
mobility.

Random error sec¢d, used in
generation of error.

Stations to be used in
primary system. w columns
per value, 8 values per card
(FORMAT 8I10).
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c

COMPCNENT SYNTHESIS

OIMENSION MSC(20D¢HT(T) sHEADC204 ondd 4Uu) s YRE20,21) ,Y1(20421),
AYABRU20921) o YABI 1204210 o YCCRI2u0cd ) oVLLI(20021),YAARI20,21),
BYAAL (20+21) s YBRU20+21Y ¢ YBI (200200 onr€400),YCRU20021)5Y71020421),
CYSR{20) ,¥S1420) ,KEEP(20)

REAC (141000 My (MSULDoI=l M) eNLuL

100 FORMAT (8110 )
READ {13000 PCTRPCTBRPCTI PuTui,itd

PAITE (391100 PCTRyPCTBRPCTIPLivdole
110 FORMAT (91, T1i, MAX RAND ERROn uiv KEAL 29F6.3910Xe*B1AS ERROR

A UN REAL 2%F6.3¢% OF ELEMENTI>'/TLV,*® ON IMAGINAR
BY=S'FEe3 21 X°ON IMAGINARYS®F6,3,40A,*5cED="157/1/)

REAC (12) HT HEADNF,ND

N=ND-p

READ (1,100 )} (KEEPLLID,I=leN )

NERR=(C

00 2SC LaloNF

Ixsj242¢]

READ (12) HICLYoCLYREL o) oVIl ' gJddoimsioND),JI=1,ND)
WRITE (34120 ) HZ(L)
120 FORMAT (19/T30,*MAIN SYSTEM DioPLALEMENT MOBILITY REAL, INAG!I
ANARY FREQ='F8.2//)
CALL MOUT2 (YRoNOsND )
CALL MOUT2 (YIND,.ND )
READ (L1) HFUL) o CCYBRUT ¢ JDoVBI(4od)olasloMlpd=]loM)

WRITE (3,130 WF(L)
130 FORMAT (°1°/730,° SUBSYSTEM Diat' ALEMENT MOBILITY REAL, INAGI
ANARY FREQ=FT.2/7)

CALL MOUT2 ( YBRyMsM )
CALL MOUTZ [ YBI MyM )
IFURZCL)=HFEL)) 140,150,140
140 WRITE (3,310}
GO0 1C 350
150 IF(PCTR.NE.O.ORPCTBRoNE«OORPLILoNEcUORPCTBILANE.O ) NERR=1]
IF (NERR.NE. L ) CO YO 180
CALL ERRNU (V2 YL PCTRyPCTBRPLILsPLTIBIWNDsNDyiX )
WRITE (3,160 )
160 FORMAT (¢)?/T15,*MAIN SYSTEM DioPLACEMENT MOBILITY WITH ERROR
AREAL ¢ IMAGINARY FREQ=*FB8.2//)
CALL %OUT2 ( “R¢NDND )
CALL MOUT2 ¢ YIoNDyND »
WRITE (34170 )
170 FORMAT 1919/715,° SUBSYSTEM DisPLALEMENT MOBILITY WITH ExRGS
AREAL ¢ IMAGINARY FREO=*FB8.2//)
CALL ERRNU (YBR,yYBI+PCTRoPCTBRPLILPCTBI,NDyNDy IX }
CALL MOUT2 ( YBRoM,¥ )
CALL MOUT2 ( YBloMyM?

180 DO 1ISC I=]1,N
YAAR(L, 1)=sYRUKEEP(T)eN"OL )
150 YAAL(L, Lh=VIU{KEEPLI}NCCL )
00 2CC I=]l¢M
YCRUL,1)aYR(MSLL)4NCOL )
200 YCICI 2)aYRIMS{T)NCOL )

30

uNP
MNP
MNP
MNP
MNP
MNP
MNP
MNP
MNP
MNP
HNP
MNP
MNP
MNP
NNy
MNP
MNP
LMNP
LNNP
LMNP
1MNP
NP
1MNP
LeNP
LMNP
LMNP
1MNP
1MNP
1MNP
LMNNP
LMNP
14NP
LMNP
LNNP
Lenp
LNNP
1uNP
LMNP
1MNP
LMNP
1MNP
LNNP
1MNP
LMNP
1MNP
1¢NP
1MNP
LMNP
1MNP
2MNP
2MNP
2ZMNP
2MNP
2NNP
2MNP

o
OO M® RS WN -~

0 =0 Pt Pt Pt P P
DDV RDWN

NNNMNNNNNOMDNN
VORI WNAN=OD

W W
-0

W W w
BREWN

www
- o

rDIPW
N O 0

rorrr
-~ OV S WwW

58
49
50
51
52
51
54
55
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DU 210 i=1,N

00 21C J=i,M

YABR(LyJ)=YRIKEEPLTIDyMSLIN)
21V YABI(L,J)aYIUKEEP(I)sMSEU)D

00 22C I=1,M

00 220 J=1M

YCCRUL o J)=sYRINSLED)oPS(I) )
220 YCCICE Q)Y (MS(ID)oMSLI))

230 K=N+l

LL=1

Ca 2%0 I=keND

YAAR{I,1)=0,

YAAIC(L, 1)=0,

00 240 J=l4M

YABR{IL,J)=s=YBR(LL,J)
240 YABI (1, Ji=s=YBI(LLyJ)
250 LisLLel

CALL
CALL
CALL
CALL

CALL
CALL
CALL
CaLL
CaLL
CaLtL
CaLL
CALL
CALL
CaLL
CALL

MOLT2 (YAARNC,1
MOUT2 (VAAL4NDL
MOUT2 (YABR,NOyM
MOUT2 (YABI oND.M

MOUT2 (YCRoM,l )

MOUT2 (YCI Mol )

MOUT2 (YCCR.MyN )

MOUT2 (YCCLoMeV )

MATAS (YBRoYCCRyMeM,l, )
MATAS (VBI YCCl MoMyl, )
CINV (YBR,YBI oM, YCCR,YCCI )

CMMPY (YABROYABJ,YCCRoYCCL jnuoMoMeYRyVL )
CMMPY ( YRoYI oYCRoYCIoNDoMyar TADRYASI )

MATAS { YAAR YABRNDsl =1, )
MATAS ( YAAI o YABI ¢NDolo~1. )

WRITE (34260) HI(L)oNCCOL (MSUE)plnaoM )
26U FORMAT (*1°/T10,'DISPLACEMENT Muol L iTY

REAL, I MAG INARY FREQ=*

A FBe2¢% HERTZ®/T204*FORCING AT HALN DYSTEM STA=*13/T20,¢SUBSYSTEM
BINTERFACE STA=0[3,%,*,034%0°¢13////)

WRITE (3,320)
00 27C L=]1,N

270 WRITE (3,340 ) YAAR(L,1) o YAAL UL 44)

WRITE (3,330)
DC 2€C I=1,M

280 WRITE (39340 ) YAARIN®I 1)oVYAALIN®L L)

250 CONTINUE
300 FORMAT( 4Fl0.4,110 )

310 FORMAT (°1¢//* FORCING FREQUEmviIca UF MAIN BODY
JOB TERMINaTcu*)

2 INCCMPATABLE®/®

320 FORMAT { 20X, *MAIN SYSTEM RESPundc?/)

330 FURMAY ( 20X, "INTERFACE  RESPUwact/)
340 FORMAT ( 20XsLP2E1S.44
350 CALL EXIT
END
31

MND SUBSYSTENM ARE

2MNP
INNP
INNP
INNP
2UNP
INNP
Inne
INNP
1MNP
LMNP
1¥NP
ZNNP
2MNP
2MNP
INNP
INNP
INNP
2MNP
1MNP
LENP
LUNP
MNP
1MNP
1MNP
1MNP
LMNP
1NNP
LMNP
LMNP
1¥NP
LMNP
1MNP
LMNP
LuNP
1IMNP
1MNP
LMNP
1MNP
LMNP
1MNP
2MNP
2MNP
IMNP
2MNP
2MNP
LMNP

MNP

MNP

MNP

MNP

MNP

MNP

MNP

MNP

o

56
57
3e
58
6C
61
62
63
64
6%
(14
67
68
69
70
71
712
13
T4
7%
76
17
18
79
80
81
82
83
84
8s
86
817
88
as
90
9
92
93
94
95
96
97
98
94
100
101
102
103
104
10¢
10¢
107
108
109



100

SLURCUTINE MATAS | AsByNL9N2,> )
ADDLTION OF MATRICES AUNLoN2) anv oiNLoN2) STORED IN A

CIMEANSION A(20,1)4B120,1)
00 100 (=1,NI

D0 1CC J=1,N2
Allod)=A(loJdiesebll o J)
RETLRN

END

32

MAY
AT
HAT
LMAT
2MATY
2MAT
MAT
MAT
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TR
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100
110

120
130

SLBRCLTINE ERRNU (AsBosPCTRyPLTOM )P 14PCTBIL, NJJNPyIX)

A BIAS ERROR,
PCTE (RATIO) ON AMPLITuucsy ANU A UNIFORM RANDOM ERROR
HAVING & ¢/- MAKIMUM Or »roi (RATIO) ON AMPLITUDE,.
USES RANDU

DIMENSICN AL20421),BL20,21)
IFIPCTR) 310,10C,110

IF(PCTBR) 110,130,110

00 12C I=14NJ

00 12C JslNP

CALL RANDU (IXoIVoYFL)

IX=1vy
E2l.C42.00PCTROLYFL-0,5)¢PCTBR
AlloJdisAll,J) o€

CALL RANDU (1X,1Y,YFL)

Ixsly

E=1,C¢2.00PCT1 S(YFL~0.5)¢PCTBI
BlloyJisBlleJ)OE

RETLRA

END

33

ERR
ERR
EAR
ERR
ERR
ERR
ERR
ERR
ERR
ERR
1ERR
2ERR
2ERR
2ERR
2ERR
2ERR
2ERR
2ERR
2ERR
2ERR
ERR
ERR
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100

110
120

130

140

150

160
170

SUBROUTINE MOUT2 (A, M,N)

REAL A(20,21)

10=MINO(N,10)

WRITE (3,100) (1,121,10)

FORMAT (/15,10112)

WRETE (3,100)

00 11C Is),M

WRITE (3,120) LolA(loJd)oed=l, D
FORMAT (15+5X91P10EL2.4)

IF (10~-N) 130,170,170
10sMINOIN,20)

WRITE (3,100) (1,1212,8D )
MRITE (3,100)

00 14C IslyM

WRITE (351200 LolAlloddodall,ln )
IFLID-N) 150,170,170

WRITE (3,100) (1,12214N )

WRITE (3,100 )

D0 1¢0 [a],M

WRITE (34120 ) ol ALl oJd)ed=2L,en )
RETLRN

END

34

NOT
NOY
NOT
Mov
nov
NOT
107
1107
(i}
NOY
MOT
Mov
MOT
1m0T
1407
NOT
nov
HOVv
1MOT
nar
Mov
L [1) 4

DB PRSI wWN



WA ST WA I MW T TR
!
S PRTCLTINE MMPY (A RyNLyN2¢N3su) HPY 1
C MPY 2
C C= Aesg MpY k)
C A IN] X wed o (N2 X N3) C (N1 X N3) [ 14 4
c npv ]
REAL A(20421)+B120421),C(20,21) MPY &
DO 1€0 Is]14NIL . 1mpY 7
DO 1CC J=1,N3 2MPY 8
- CilyJdisc. 2MPY S
DO 1CC Ks]l,N2 3Py 10
100 CliodioCllod)eAtloK)OB(KyJ) InpY )1
RETLAN ney 12
END MpY 13

35




100

110

12V

130

14U
150

| 160

170

loy

190
200
210

229

230

v
250

260

.”__

SUBRCUT INE INVRS (B.NyA)
A = ]NVERSt OF B B8 UNDIsfunoey

OIMENSICN AL20+21)40020021)00Rumical o dCOLC21),B(20s21.

D0 1CC I=l4N

DO 1CC Js1,N

All oJd)=8i1eJ)

MaNe ]

00 11C [=1,N

IRGhET) =]

1coLden) =}

DO 2€0C K=],N

AMAX= A(K,K)

DC 13C IskyN

00 13C J=K¢N
IFLABSE ALLoJ))-ABSIAMAX)IL G, 0cveict

AMAX= A(]4J)

IC=al

JC=J

CONTINUE

Kil=ICCLIK)
[CoLtx)=1CcoLtiICH
1COoL (1C ) skl

KI=JRUNIK)

IROWLK) s[RCW(JC)
JIROW(JC )=kl
IFLAPAX) 160,14C,160
WRITE (3,15C)

FORMAT(* SOLUVICN OF EXISTING Madnaa NUT POSSEBLE')

GO T1C 330

DO 170 JsleN

E=xA(KyJ)
AlKyJ)=ALIC,J)

A(IC,J)=E

CO 1EC !s)i,yN
c=All.K)

AlT K)=A{1,JC}
allydC)=E

DC < 1€ [=s]4N
IFLI-K) 200,390,200

All,V)sl,

GO TC 210
AlloP)=,

CONTINUE
PVT=A(K,K)

DG 220 Ja)l M

ALKy JI=AIK JI/PVT
DU 2SC I=1,N
IFL1-K)23C02504230
AMUL T:511 K3

U0 24C JzloM

ALl o J)zalloJ)-AMULVCA(K, J}
CONT [NUE

DO 2¢C I=1yN
All,K)=sALI M)

36

NV

L

INV

INV
1INV
21
21NV

INV
1INV
1INV
LINV
1INV
1INV
2 INV
3INV
3NV
JINY
3NV
JINV
JINY
1INV
1INV
1INV
LINV
1INV
1INV
LINV
1INV
1INV
1INV
21NV
21NV
2INV
21NV
21NV
21NV
2INV
21INV
2INV
21NV
2INV
21NV
21NV
21NV
1INV
21NV
21NV
21NV
2INV
21NV
JINV
IINV
21INY
2INY
21NV
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270
280
29V

300
31V
320
330

00 29¢ (=],N

DO 27C L=],N
IFCIRCWIII-L)2TU,280.2T0
CONT INUVE

D3 2SC Js],N

DLy JI=AlL,J)

DO 32C J=|],N

00 3CC L=l,N
IFLICCLUJ)-L) 300,310,300
CONTINVE

DO 320 Ia),N
AlloL)=Cl1yJd)

RETURN

END
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1INV
2INV
21NV
21NV
21NV
2INY
1INV
21NV
2INV
2INV
2INV
21NV

IRV

INV

S5¢
$7
se
59
6C
6l
62
¢3
(L]
6%
6¢é
67
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SUBROUT INE RANDU (IxylY,YFL}
THLS SUBROUTINE 4> rauM SSP VERS., II
ly=lxe65539
IFLiv) 10Co140,110
1volve214740364170])
YFL=1Y
YFL=aYFL®,46566]13E-9
RETLRA
END
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RAN
RAN
RAN
RAN
RAN
RAN
RAN
RAN
RAN
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[aXaRal x]

SUSRCUTINE CINV (A48yNsC,y0)

CeleD = jwvende OF Ael®B
B ASSUMcU wuh SINGULAR

REAL AL20+2090B8(20,21),C620021) 5002V c)oEL20,210)
CALL INVRS(BoN,C)
CALL MMPY(CoAgNyNyNE)
Call MMPY{AsE gNyNyNyC)
00 1CC Ia1,4N
DO 1CC J=]1yN

100 ClledisCllod)eB(led)
CALL INVRS(CoN,oC)
CALL MMPY(E sOoNoNg M, C)
CO 110 Is),N
DO 110 J=],N

110 DtloJi==DlloJ)
RETURN
END
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[sSQRT(-1)

CIN
CIN
CIN
CIN
CIN
CIN
CIN
CIN
CIN
1CIN
2CIN
2CIN
CIN
CIN
1CIN
2CIN
2CIN
CIN
CIN

Pt s g P P e P e
DB LRSS W= OB AL WA
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[2 X2 X aN o X o]

SUBRCLTINE CMMPY “.B.C'OQNION‘H\JOCO" )

CCPPLEX MATRIX MULT
E ¢ I9F atA ¢ [9B)e(C + 10D, 1 = SQR(-1)
AvE ARE N1 X N2 CrC ARE w¢ & na EoF ARE N1 X N3

DIMENSION ‘(20.21)vB‘ZOnZl)vC(‘Uo‘ADoU(ZO.Zi'05‘20021’uF‘ZOoZl,
AeGL2N,21)
CALL “MPY (A4CyNL N2¢N3,E )
CALL rraPY (BoDeNLIN2)N3,6 )
00 1CC I=],N1
00 1C0 J=]1,N3
100 ELL 4 J)SEC(T9d)~=G(1,4)
CALL mMPY (AsDoNLoA2 4 N3 (F }
CALL MMPY ( B4CoNLyN2oN3,GC )
D0 110 I=1,N1
J0 11C J=l4N3
110 FlLod)aF{led)eGLL,J)
RETURAM
END
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(o]
Crm
CuM
CHM
Chu
CHrM
ChM
Cm
CMu
CMM
1CMM
2CMM
20
CrM
Chu
1CMM
20MM
2CMM
(o ]
CMM
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